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IMPROVING SOYBEAN PROFITS WITH MANAGEMENT 
EdwardS. Oplinger 
Professor 
Department of Agronomy 
University of Wisconsin 
Madison 
Reduced and no-tillage systems for crop production are increasing in importance as part of 
soil conservation programs throughout most of the USA. Some of the current interest is the 
result of the Federal Farm Program and the need to be in compliance with farm plans. For some 
soybean producers, adoption of some form of reduced tillage will be the only way they can 
continue to raise soybean on certain fields. Some growers are also adopting reduced tillage as a 
soil stewardship practice and also as a means of reducing equipment and labor costs and to 
improve profits. This new method of producing soybean has several implications not only for the 
soybean farmer, but also for the seed, chemical and fertilizer industry. The following discussion 
centers around changes in soybean management that will enhance success with reduced tillage, 
maximize yields and thereby improve profitability. 
Reduced Tillage vs Variety Selection 
Current soybean varieties were developed in conventional tilled environments. Most recent 
research shows that the relative performance of soybean varieties is generally the same under 
reduced tillage conditions as they are with conventional tillage except in cases where stress is 
present (Philbrook et al., 1991; Elmore, 1987; Elmore, 1990; Hargrove, et al., 1985; Guy and 
Oplinger, 1989). Desborough (1984) reported that soybean varieties had different responses to 
tillage in two drought-stress years but no differences in a year of more favorable precipitation. 
Yields for later-maturing cultivars were greater in no-till than conventional tillage in the drought-
stressed years, while early varieties had greater yields in conventional tillage. Elmore (1987) 
reported that when moisture was adequate, 'Mead' yielded more than 'Williams' in no-tillage, but 
the opposite was true in tilled environments. The combination of herbicide carryover and 
Phytophthora root rot (PRR) (Phytophthora megaspenna Drechs. f. sp. glycina Kaun and Erwin) 
caused significantly lower yields for 'Century' than for 'Williams 82' when planted under no-till, 
(Vasilas et al., 1988). 
In a recent Wisconsin study conducted on well-drained soils we found no interaction 
between twelve adapted varieties and three tillages for yield (Table 1). Varieties generally had the 
same relative yield, independent of the tillage system. Thus, the highest yielding varieties in 
conventional tillage (CT) were also the highest yielding in reduced tillage systems (RT and NT). 
Likewise, the low yielding varieties were consistently low in all tillage systems. One notable 
exception found was 'BSR 201' which ranked eighth in CT but improved to fourth in R T and 
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NT. This variety is resistant to the brown stem rot (BSR) (Phialophora gregata) diseases, which 
are also more pronounced in NT than in cr systems (Meese, et al. 1991). In this study we did 
find that varieties differed in plant populations both early and late in the growing season 
depending on tillage. The results suggest that conventional tillage reduces some of the advantage 
Table 1. Mean soybean yields and yield rank (in parentheses) for cultivars within and 
across no (NT), reduced (RT), and complete (Cf) tillage intensities average 
over six environments, (Janesville and Arlington locations for three years). 
Tillage 
Cultivar NT RT cr Mean 
----------(bulacre, and yield rank)----------
Hardin 59.9 (1) 57.1 (2) 60.8 (1) 59.3 (1) 
DSR 171 53.5 (3) 59.7 (1) 56.1 (3) 56.4 (2) 
Pioneer 1677 53.7 (2) 54.6 (3) 59.8 (2) 56.0 (3) 
Corsoy 79 51.7 (5) 51.2 (7) 56.1 (3) 53.0 (4) 
BSR 201 52.1 (4) 53.5 (4) 52.1 (8) 52.5 (5) 
Hodgson 78 51.7 (5) 52.9 (5) 52.7 (6) 52.4 (6) 
Simpson 50.7 (7) 51.6 (6) 54.1 (5) 52.1 (7) 
Ozzie 49.3 (9) 48.6 (9) 52.7 (6) 50.2 (8) 
SRF 200 50.6 (8) 50.4 (8) 48.7 (11) 49.9 (9) 
Evans 47.0 (11) 46.8 (12) 51.4 (9) 48.4 (10) 
Hobbit 48.5 (10) 48.0 (10) 48.7 (11) 48.4 (10) 
Wells II 47.0 (11) 47.1 (11) 48.9 (10) 47.6 (12) 
FLSD (0.05) Nst 2.5 
tNo tillage by cultivar interactions were found for yield; therefore, relative cultivar yields among 
tillages are similar to cultivar yield means. The unprotected LSD for cultivars within tillages is 
4.3 bulacre, and tillages within a cultivar is 4.4 bulacre. 
2 
that varieties with high vigor, or early season disease resistance may have. A vigorous, disease 
resistant variety will likely be advantageous for cooler, moister, early-season seedbeds frequently 
associated with reduced tillage systems. 
Plant height and lodging may also be influenced by tillage. In one study, Guy and Oplinger 
(1989) found that as tillage was reduced, lodging increased and the response differed with variety. 
While plant height did not differ with tillage in this earlier study, subsequent studies by Oplinger 
and Philbrook (1992) suggest that plant height may be reduced as tillage is reduced. Elmore 
(1990) did not see any tillage influence on plant characteristics. 
For most situations a soybean variety's performance under conventional tillage will be a 
good indication of its performance in reduced tillage systems. Therefore, selection of the highest 
yielding varieties from performance evaluations conducted using conventional tillage should lead 
to the best yielding varieties for reduced tillage systems. The primary exception will be in cases 
of known disease presence such as PRR or BSR in which case more emphasis should be placed 
on the disease resistance of the variety. If, however, future varieties can be developed with high 
seedling vigor, improved early season disease resistance, tolerance to cooler soils, moisture stress, 
or herbicide stress, then variety selection according to tillage system will be more important. 
Tillage vs Disease Presence and Pressure 
It has generally beeri accepted that most common soybean diseases such as Phytophthora, 
Rhizoctonia and Phythium are likely to be more severe (if present in a field) when reduced or no-
till is used rather than conventional plowing. Whil~ the development and release of varieties 
resistant to a wide range of Phytophthora races has eased this concern, emphasis .on disease 
resistance should be a farmer's top priority when selecting a variety to plant using reduced tillage 
in fields with a known history of these diseases. More recently we have found that brown stem 
rot is more severe under no-till than conventional tillage systems, (Fig. 1). This will add yet 
another criteria for soybean variety selection for many Upper Midwest producers where BSR is 
currently considered the most yield limiting disease. 
Recent studies by Thurlow and Edwards in Alabama indicate that reduced tillage delayed 
the buildup ·Of soybean cyst nematode which resulted in higher soybean yields especially when 
soybeans were planted continuously (Soybean Digest, 1991). The study suggests that plowing 
and discing moves the cysts around promoting buildup and eventually lowering yields. If this 
holds true on other soil types in other regions of the soybean production area, it would reduce 
the pressure on selection cyst nematode resistant cultivars for those producers using conservation 
tillage. 
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Figure 1. Effect of tillage and crop rotation yield and 
brown stem rot severity in soybean. Arlington, 
WI. 1989-91. 
Nitrogen Benefits for Soybean 
Considerable research has been conducted regarding the benefits of adding fertilizer nitrogen 
to soybean. Normally adding nitrogen would not be recommended, since soybean is assumed to 
be able to fix the nitrogen needed to produce a normal crop. Work at Iowa State by Hanway 
and co-workers in the 1970's suggested that soybean yields could be enhanced by foliar 
fertilization during the seed-filling period when nitrogen was in a solution containing P, K, and S. 
More recent studies by Cooper at Ohio and Gascho at Georgia indicate some yield increase with 
nitrogen applied during grain filling especially when water is not limiting. 
In a long-term rotation study comparing various cropping patterns and tillages conducted 
by Oplinger and Carter in Wisconsin, 30 lb/acre N applied to soybean early in the growing 
season increased the yield of Corsoy 79 by 3.0 bulacre while also reducing the severity of brown 
stem rot disease (table 2). In this case, N applications gave a net return of $11.20/acre with the 
susceptible variety. Studies are continuing to determine the role N plays in disease control and 
yield enhancement. 
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Table 2. 
Cultivar 
Corsoy 79 (susc.) 
BSR 101 (res.) 
X 
Corsoy 79 (susc.) 
BSR 101 (res.) 
-
X 
Soybean yield and brown stem rot disease severity as affected by early season 
nitrogen, Arlington, WI 1989-91. 
0 30 
----------- Yield (bulacre) -----------
54.4 57.4 
65.4 67.4 
59.9 62.4 
----------- Disease (0-11) -----------
5.8 5.4 
0.6 0.6 
3.2 3.0 
Seed Treatment vs Reduced Tillage 
An increase in conservation tillage practices will likely increase the need and effectiveness of 
various seed treatments on soybean. This is because some of the negative aspects of reduced-
tillage systems such as cooler soil temperatures (Philbrook, et al. 1991), wetter soils (Gauer et al., 
1982) increased Phytophthora (Dick and Van Doren, 1985), Rhizoctonia and Phythium have 
been shown to be overcome by planting soybean seed that has been treated with a fungicide. 
However, in some situations seed treatments have reduced plant stands and yield in the absence 
of disease, suggesting that this should not always be used as a standard practice. 
Guy and Oplinger (1989) compared the effect of Apron and Vitavax 200 seed treatments on 
six soybean varieties in four environments and three tillages. Plant populations were 153 000, 151 
000 and 145 000 plants/acre at the V2 growth stage for the control, Apron, (metalaxyl), and 
Vitavax 200 treatments, respectively, when averaged across tillage, varieties, and environments. 
The lower plant density for Vitavax 200 was significantly less than the control or Apron 
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treatment and the differences were true throughout the growing season. There was some 
indication that crop yield responded differently to seed treatment within a tillage system. In no-
till, Apron increased yields an average of 2.0 bulacre when compared to the control and Vitavax 
200 treatments (fable 3). In other studies (Guy, et al., 1989) found that metalaxyl applied either 
in-furrow, as a seed treatment, or in combinations, increased yield of soybean when PRR was 
present. The response depended on the disease level and level of variety susceptibility. Some 
varieties were injured by in-furrow metalaxyl in the absence of PRR, however. They suggested 
that due to the low cost of metalaxyl and the potential additive effect to soil metalaxyl treatment, 
seed treatment with metalaxyl should be used as a management practice in situations where PRR 
is chronic. New developments in both traditional and biological control materials will no doubt 
make the use of seed treatment for soybean planted in reduced-tillage situations even more 
common in the future. However, these treatments will likely be more specific for the intended 
planting situation. 
Table 3. Soybean yield as influenced by seed treatment and no-till (NT), reduced-till (R T), 
and conventional-till (CT) averaged across six cultivars and four environments at 
Janesville and Arlington, WI). 
----------------Tillage-----------------
Seed treatment NT RT CT 
----------------bulacre------------------
Control 61.6 65.6 
Apron 63.7 65.0 
Vitavax 200 62.0 64.6 
Mean 62.3 65.1 
LSD (0.10) Seed treatment within tillage = 1.4 
LSD {0.10) Tillage within seed treatment = 1.6 
Seeding Rate vs Tillage 
70.4 
69.8 
70.6 
70.3 
Lower emergence and final plant stands from comparable seeding rates has been suggested 
as one of the primary reasons that soybeans planted under reduced tillage yield less than for 
conventional tillage, (Oplinger and Philbrook, 1992; Guy and Oplinger, 1989; Philbrook, et al., 
1991). Cooler and moister soil environments, which frequently occur in conservation tillage 
systems, particularly early in the growing season may be primarily responsible for reduced 
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soybean emergence. Recommended seeding rates for solid-seeded soybean in conventional tillage 
generally range from 150 000 to 180 000 viable seeds/acre. While soybean plants compensate in 
yield over a broad range of plant densities, speed of canopy closure affects moisture conservation 
(Elmore, 1987) and weed suppression (Buhler, et al., 1990) which are advantageous for stand 
establishment in both reduced and conventional tillage systems. Natural plant thinning of stands 
generally occurs when plants are above optimum densities (Oplinger and Philbrook, 1992). Freed 
(1983) reported that fmal plant densities for no-till and mulch tillage were 24 and 9% less than 
for conventionaltillage, respectively. He reported canopy cover was greater in conventional than 
in no-till4-wks after planting. He suggested increasing the seeding rate by 10-15% over 
conventional tillage if using mulch-till or no-till. 
Studies conducted in Wisconsin by Oplinger and Philbrook, (1992) using seeding rates of 50 
000 to 300 000 viable seeds/acre in three tillage systems indicated that much of the yield 
difference seen between tillage systems could be eliminated if equal plant populations were 
harvested. We found that while early plant populations were greater in conventional than in 
reduced or no-till situations, interactions with seeding rate were not observed. Early stands from 
250 000 and 300 000 seeds/acre in reduced and no-till were equivalent to stands of 200 000 and 
250 000 seeds/acre rates in conventional tillage. More plants were also present at harvest in 
conventional than in either reduced or no-till. Furthermore, we found that compensation for 
excessive seeding rates by natural plant thinning over the season did not equilibrate stands among 
tillages. 
Average yields in conventional tillage was greater by 4-5 bulacre at all seeding rates than 
either of the conservation tillage systems (Fig. 2). The peak yield in no-till was predicted to be a 
seeding rate of 232 000 viable seeds/acre, the same yield as with 176 000 in conventional till or a 
32% increase in seeding rate. If we compare the same yields but at equivalent harvest 
populations, the differences in yield due to tillage is reduced to 2.5 bulacre, (Fig. 3). Regression 
models indicate that maximum yields in the two reduced-tillage systems would be obtained from 
final populations near 150 000 plants/acre, just as has been reported for conventional tillage. 
Differences in harvested populations accounted for 61% of the variation among tillages, while 
seeding rate accounted for only 39% of the variation in yield. These results suggest that seeding 
rate recommendations for' reduced and no tillage systems should be increased substantially over 
those rates commonly used for conventional tillage. 
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Figure 2. Soybean yield and prediction models in 
response to seeding rate for no-tillage 
(NT), reduced tillage (RT), and complete 
tillage (CT) systems, averaged for two 
varieties over 3 yr at Arlington, WI. 
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Planting Date and Row Spacing vs Tillage 
Grain yields generally decrease with delayed planting especially if planting after May 30, 
regardless of the tillage system used, (Oplinger and Philbrook, 1992), Fig. 4. The only exception 
was that with conventional tillage, soybean planted in 8-inch rows on May 30 were equal in yield 
to those planted two weeks earlier. The yield reduction due to delayed planting occurred in spite 
of an average increase in emerged and harvested plants with delayed planting. While yield 
compensation can occur across a broad range of plant populations, it is clear that improved 
stands, regardless of tillage, established at later planting dates cannot compensate for the shorter 
growing season. Thus, replant decisions should be based more on planting date than on plant 
stands regardless of the tillage system being used. 
TILLAGE vs. PLANTING DATE & ROW WIDTH 
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15 MAY 
Oplinger & Philbrook • WI 
Soybean grain yield in no-tillage (NT), reduced 
tillage (RT), and complete tillage (CT) from 
three planting dates and two row spacings, 
averaged f(j)·r two varieties and 4 yr at Arlington, 
WI. The FLSD (0.05) for comparing row widths 
within tillages and planting dates = 2.5 bu/acre, 
tillages within planting dates and row widths = 
3.0 bu/acre, and dates within tillages and widths 
= 2.7 bu/acre. 
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Soybeans planted in narrow rows had the greatest yield advantage over those planted in 30-
in rows at the May planting dates, regardless of the tillage system (Fig. 4). When planting was 
delayed to mid-June, yields in 30-in. rows were higher than 8-in. rows under no-till. Row spacing 
did not affect yields with reduced or conventional tillage at the late planting date. This data is in 
contrast to most reports that suggest the later soybeans are planted, the greater the advantage for 
planting in narrow rows. Much of the yield difference in this study could be attributed to 
differences in established plant stands due to moisture differences in the seed zone especially at 
the last planting time. 
While it is certainly possible to plant soybean under reduced or no-till conditions using wide-
row planters, the bulk of the no-till soybeans are likely to be planted in narrow row spacings 
using no-till drills. Therefore, growers will need to know how individual varieties perform under 
both reduced tillage and narrow row situations. Most studies have shown that with very few 
exceptions all varieties produce higher yields when planted in narrow rows ( < 1 0") than when 
planted in conventional row spacings (> 30"), unless moisture is severely limiting. In Wisconsin, 
the Soybean Variety Performance Trials are conducted using 7-inch rows at all locations and in 
addition 30-inch rows are used at one location in each region. Averaged over the past 10 years 
varieties planted in narrow rows have outyielded wide rows by 16-18% (Table 4). Only in 
situations of severe stress (moisture) did the wide rows yield better than narrow rows. This 
advantage for narrow rows has occurred without the benefit of much emphasis by private or 
public breeders on selection of cultivars under narrow row culture. Future emphasis on selection 
under both no-till and narrow row culture could possibly identify some superior lines for these 
newer production systems. 
10 
Table 4. 
Year 
1991 
1990 
1989 
1988 
1987 
1986 
1985 
1984 
1983 
1982 
Mean 
Average yield of public and private soybean varieties in the Wisconsin Soybean 
Variety Performance Tests when planted in wide (30-in) and narrow (7-in) rows in 
the southern, central and northern regional trials from 1982-1991. 
Southern Central Northern 
Wide Narrow Wide Narrow Wide Narrow 
- - - - - - - - - - - - - - - - - - - bu/acre - - - - - - - - - - - - - - - - -
55 66 63 72 61 66 
62 66 56 67 42 49 
51 55 54 53 29 32 
28 24 47 53 27 23 
52 66 46 57 53 70 
40 51 50 48 46 56 
49 62 35 40 31 38 
50 57 35 44 32 49 
47 54 37 46 41 46 
54 64 33 41 28 32 
49 57 46 52 39 46 
%Increase 16% 17% 18% 
for narrow rows 
Tillage vs Grain Yields and Grower Profits 
The most important implication that reduced tillage will have on the soybean industry will 
be the overall impact it has on fmal grain yields and grower's profits. If growers can maintain 
yields, reduce equipment and labor inputs, then profits will increase. If profits increase, then 
"Orne of the credit will be attributed to the variety planted, or the company selling the seed, 
fertilizer, or chemicals. The influence of reduced tillage on fmal grain yield varies from lower 
yields, no effect, to increased yields depending on the growing season, soil type, previous crop, 
weed control and several other factors. 
In Wisconsin research trials, yields using reduced-tillage have generally averaged 2-5 bu/acre 
lower than when conventional tillage is used. When diseases were present this difference was 
sometimes greater. In the Wisconsin Soybean PEPS (frofits through Efficient £roduction 
Systems) Contest from 1987-90 soybean producers in the "low cost" group (<$3.43/bu) averaged 
6.3 trips across their fields while those in a "high cost" group (>$3.43/bu) averaged 6.8 trips 
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(Table 5). Approximately 60% of the contestants in both groups were using some form of 
reduced tillage. 
The soybean supply industry has an opportunity to participate in the transition from 
conventional to reduced tillage systems for producing soybeans. Opportunities exist for the 
breeders to develop varieties with more disease resistance, seedling vigor, lower critical 
germination temperatures, and better standability. Seed and chemical company agronomists and 
salespersons have the opportunity to educate growers concerning adjustments in seeding rates, 
row spacings, planting equipment, and weed control options. All persons and segments of the 
soybean industry have an opportunity to assist producers in protecting our soil and water 
resources, decreasing their cost of production and improving soybean profits. 
Table 5. Four-year summary of Wisconsin Soybean PEPS participants, 1987-1990. 
CosUBushel Group 
Separating Factors Low (<$3.43) High (>$3.43) 
No. of Participants 65 73 
Production cost ($/bu) 3.02 3.84 
Yield (bu/a) 57 49 
Planting rate (lb/a) 69 75 
No. of trips 6.3 6.8 
Seed cost ($/a) 17 18 
Reduced Tillage(%) 61 59 
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